We assessed the possibly synergistic effects of dietary fiber (DF) and benzoic acid (BA) in growingfinishing pigs. In total, 96 growing pigs ([Landrace × Yorkshire] × Duroc) with an average initial body weight (BW) of 22.82 (±0.24) kg were selected and provided the dietary supplements based on their BW in a 2 × 2 factorial experiment, with the respective factors being fiber (low vs. high; 140 g/kg, 160 g/kg NSP, respectively) and BA (0, 5 g/kg benzoic acid) in six replicate pens consisting of four pigs per pen. Sugar beet pulp was used as a DF source, at 50 g/kg of the diet. All diets were formulated to contain 14.44 ME MJ/kg and 190 g/kg CP. This experiment was conducted to evaluate the growth performance, nutrient digestibility, and reduction of harmful gases and serum metabolites. There was no significant difference in feed intake and weight gains during treatments. Fiber levels and benzoic acid addition did not affect the dry matter, nitrogen and gross energy digestibility. Also, no interaction was found between fiber level and benzoic acid treatment. There was no difference in NH 3 , but RSH and H 2 S gases emissions show significant reduction with fiber and benzoic acid treatment. Serum metabolites, including lipoprotein and cholesterol, were also apparently unaffected by these treatments. Thus, the addition of 50 g sugar beet pulp per kg of growing feed as a DF source and the addition of BA had no significant impact on the growth performance of pigs during the growth period.
Dietary fiber (DF) is a beneficial nutrient for reducing harmful gas emissions (Mosenthin et al., 1992; Zervas and Zijlstra, 2002; Nahm, 2003) , decreasing the incidence of diarrhea and constipation (Mateos et al., 2006; Pierce et al., 2007; Wellock et al., 2008) , and improving social behavior (Meunier-Salaun et al., 2001; Serena et al., 2009) in pigs. Dietary fiber has also been associated with possible protective benefits against several human illnesses, such as coronary heart disease, diabetes, and constipation (Chandalia et al., 2000; Schulze et al., 2004; McMillan-Price et al., 2006) . However, negative effects of DF on growth performance of pigs, such as reducing feed intake and growth retardation due to early satiety and nutrient encapsulation have also been reported (Zervas and Zijlstar, 2002) .
Several feed additives, including acidifiers (Wang et al., 2009) , enzymes (Cho et al., 2013) , probiotics (Zhang and Kim, 2013), prebiotics, (Cho and Kim, 2014) , medium chain triglycerides (Hong et al., 2012) and plant extracts (Yan and Kim, 2012) have been introduced in the pig and poultry industry as nutritional tools to improve the growth performance of pig and poultry. Benzoic acid (BA) is one acidifier, which has also been reported to have positive effects in reducing ammonia emission and increasing weight gain in pigs (Cheong, 2013; Buhler et al., 2006; Sauer et al., 2009) . It exerts strong antimicrobial effects in the gastrointestinal tract of piglets (Kluge et al., 2006) , reduces the pH of the urine (Kluge et al., 2010) , and improves growth performance and reduces the severity of diarrhea in weaning pigs (Papatsiros et al., 2011) . Additionally, BA has the possibility of reducing LDL cholesterol due to its chemical similarity to niacin (Jin et al., 1999) .
The purpose of this study was to assess whether DF and BA have any synergistic effect on growth performance, nutrient digestibility, harmful gas emissions, and serum metabolites in the growing pigs.
Material and methods

Experimental design, animals, and diets
The Animal Care and Use Committee of Dankook University, South Korea approved the experimental protocols used in this study. In total, 96 grower pigs [(Landrace × Yorkshire) × Duroc] with an average initial BW of 22.82 (±0.24) kg were selected and allotted to dietary treatments based on their BW in a 2 × 2 factorial experiment. The factors were DF (low vs. high; 140 and 160 g/kg NSP, respectively) and BA (0 and 5 g/kg BA) with six replicate pens consisting of four pigs per pen. Sugar beet pulp was included at 50 g/kg as the source of DF.
Experimental diets were conventional Korean diets mainly based on corn, wheat, and soybean meal. This feed was produced at a commercial feed mill and provided as mash. All diets were formulated to contain 14.44 MJ ME/kg and 190 g/kg CP (Table  1) . Pigs were housed in an environmentally controlled facility with slatted plastic flooring and a mechanical ventilation system. Each pen was equipped with a single face self-feeder and a nipple drinker to allow the pigs ad libitum access to feed and water throughout the experimental period.
Sampling and recorded parameters
Parameters such as growth performance, nutrient digestibility, noxious gas emission, and lipid profiles were analyzed in this study. Health parameters, such as morbidity, mortality, and diarrhea score were not analyzed because we maintained an allin all-out system for the maintenance of the pigs, in which all the pigs from weaning to finishing were maintained hygienically. 
Growth performance and nutrient digestibility
The live BW of each individual pig was measured at the beginning and end (42 days) of the experimental period. Feed consumption was also recorded and gain/feed ratio was calculated on a pen basis.
At the beginning of the fifth week (28 d), chromium oxide (Cr 2 O 3 , 2 g/kg) was added to the diet as an indigestible marker to measure digestibility. Fresh fecal grab samples were obtained from at least two pigs in each pen at the end of the fifth week to determine the apparent digestibility of dry matter (DM), nitrogen (N), and gross energy (GE). All fecal and feed samples were stored at -20°C until analyzed. Fecal samples were freeze-dried and ground to pass through a 1-mm screen. The feed and fecal samples were analyzed for DM, N, and E according to AOAC (2000) . Chromium was analyzed by UV absorption spectrophotometry (Shimadzu UV-1201, Shimadzu, Kyoto, Japan) following the method described by Williams et al. (1962) .
Noxious gas emission from slurry
On day 35, the urine and feces of two pigs per pen were collected separately, four times a day, to evaluate emissions of certain harmful gases: ammonia (NH 3 ), hydrogen sulfide (H 2 S), and mercaptans (RSH). The urine was collected in a bucket via a funnel positioned below the cage. The feces were collected in a plastic sample bag and sealed. The feces collected from each animal during the final 5 d of the experimental period were used for detecting gas emissions. The collected urine and feces were stored immediately at -20°C and 4°C, respectively. After the collection period, the fresh feces (300 g) were mixed with 300 mL of fresh urine (1:1, w/v) for each pig. The stock slurries were stored in 2.6-L plastic boxes in duplicate. Each box had a small hole in the middle of one sidewall, which was sealed with adhesive plaster. The samples were allowed to ferment for a period of 24 h at room temperature (25°C). After the fermentation period, a Gastec (model GV-100) gas-sampling pump was used for gas detection (Gastec Corp., Gastec detector tube No. 3 M and 3 La for NH 3 , No. 4 LL and 4 LK for H 2 S, and No. 70 and 70 L for RSH). Prior to measurement, the manure slurries were shaken manually for ~30 s to disrupt any crust formation on the surface of the slurry sample and to homogenize them. The adhesive plaster was punctured and 100 mL of headspace air was sampled ~2.0 cm above the feces surface. After air sampling, each box was again covered with adhesive plaster. Headspace measurements were repeated at 1, 3, 5, and 7 d after feces collection. The gas was averaged from the measurements of two boxes from the same pen.
Blood lipid profile
Two pigs were selected randomly from each pen and the blood samples were collected by jugular venipuncture at the beginning (0 d) and at the end (42 d) of the experiment. Blood samples were collected in K 3 EDTA coated tubes (Becton Dickinson Vacutainer System, Franklin Lakes, NJ, USA) and then centrifuged (2000×g, 20 min, 4°C) within 1 h after the collection of the sample to separate the serum. The concentrations of total, low density lipoprotein (LDL)-and high density lipoprotein (HDL)-cholesterol, non-esterified fatty acids (NEFA), and triglycerides (TG) in the serum samples were analyzed with an automatic biochemical analyzer (RA-1000, Bayer Corp., Tarrytown, NY) using colorimetric methods.
statistical analyses
The data sets obtained were analyzed as a completely randomized 2 × 2 factorial design, using the GLM procedure of the SAS software (SAS Inst. Inc., Cary, NC, 2009). The pen was considered the experimental unit for growth performance and each pig was considered the experimental unit for gas emission and serum metabolites. The final model included the main effects of DF level and BA as well as the interaction between DF and BA. Data are reported as means ± standard error (SE). Differences were considered statistically significant when P<0.05.
Results
Growth performance and nutrient digestibility
The growth performance and apparent nutrient digestibility are shown in Tables 2 and 3. In the current study, final BW, average daily gain (ADG) and feed efficiency (gain:feed) were not influenced by treatments or their interaction. There was no significant difference in feed intake in low fiber (LF) and high fiber (HF) groups (Table 2). Also it was found that experimental treatment did not significantly affect the dry matter, nitrogen and gross energy digestibility (Table 3) . 
Noxious gas emissions from slurry
Fecal NH 3 for DF and BA did not differ (for days 3, 5, and 7). Fecal RSH for DF showed significant reductions (for days 3, 5, and 7) as it did for BA (for days 3, 5, and 7). Fecal H 2 S for DF showed significant reductions (for days 3, 5, and 7) as it did for BA (for days 3, 5, and 7). Thus, dietary fiber and BA supplementation did not affect NH 3 emissions, but showed significant reductions in fecal RSH and H 2 S emissions (P<0.05). Thus the concentrations of noxious gas emissions (RSH and H 2 S) were influenced by the dietary treatments (Table 4 ).
Blood lipid profile
Serum cholesterol, total LDL, HDL, TG, and NEFA were not influenced by DF or BA treatments or any interaction (Table 5) . For serum cholesterol, with the low energy diets for DF and BA at day 42, it was increased compared to day 0, but the difference was not statistically significant (P>0.05). Also in serum total LDL, HDL, there were only slight changes in values between days 0 and 42 with DF and BA treatments. Thus, overall total blood lipid profiles with DF and BA treatments were found to be statistically insignificant (P>0.05) by ANOVA. 
Discussion
Growth performance and nutrient digestibility Livestock production can make good use of resources, which contributes high quality nutrients to the human diet (Mohana Devi et al., 2014 b) . Feeding of DF-enriched diets to pigs is attracting interest from economic and social perspectives. However, ineffective results of fiber on growth performance of pigs and nutrient digestibility have been described and attributed to chemical and physical properties of the fiber (Graham et al., 1986) . In the present work, there was no significant difference in body weight gain or feed efficiency between the LF and HF groups. Wenk (2001) showed that the retention time of digesta in the stomach was increased in the presence of DF and this early satiety could restrict voluntary feed intake in the pigs. The study of Zervas and Zijlstar (2002) found that pigs fed with a diet containing 15% soy hull or 20% sugar beet pulp show reduced E and N digestibility and growth performance. In the present work, DM, nitrogen and GE digestibility remained unchanged when the pigs consumed the high fiber diet. Others have reported that an increase of soluble DF in the diet impaired nutrient digestion and absorption, decreasing the total digestibility of nutrients (Rerat, 1985; Wilfart et al., 2007) . A cannula study by Anguita et al. (2006) found that the ileal flow of digesta was increased, from 199 to 468 g/kg of DM feed, as NSP increased from 77 to 240 g/kg, leading to a reduction in energy digestibility.
Benzoic acid and its salts have been used for many years as preservative agents due to their strong efficacy against various fungi and yeasts. Like other acidifiers, BA has been shown to have a beneficial effect on the growth performance of pigs (Mroz, 2005) . Mohana Devi et al. (2014 a) reported that supplementation of protein sources in growing pig diets improved the growth rate and feed intake. However, BA did not have a direct or interactive effect on pig performance in the current study, and 5% addition of BA did not affect the DM, N and GE digestibility. On the contrary, in the experiments of Kluge et al. (2006 Kluge et al. ( , 2010 supplementation of diet with 2% BA significantly improved the digestibility of dietary organic matter, protein, fat and fiber compared to control diet. According to Kluge et al. (2006) , BA is also able to modify bacterial populations of the gastrointestinal tract of the piglets and enhance their performance after weaning and this is due to its antibacterial activity. The dietary addition of BA resulted in increased average daily weight gain and significant improvements in feed conversion (Paulus et al., 2004) . We expected that the addition of BA to the HF diet would compensate for the reduction in growth performance and digestibility of nutrients caused by the increase in fiber content. The lack of an interaction may have reflected the use of the relatively low level of fiber, the high level of nutrients in the diet, and the clean environmental status of the trial farm. According to Papatsiros et al. (2011) , administration of BA improved the growth performance parameters and reduced the severity of diarrhea in weaning pigs. Addition of 1% BA to a standard diet for growing pigs acidifies the urinary pH and slightly reduces blood pH (Kristensen et al., 2009) . Additionally, BA in the diet of lactating sows is effective in reducing the pH values in the urine and higher concentrations of BA (2%) in the diet improve nutrient digestibility (Kluge et al., 2010) .
Gas emissions
In many developed countries, environmental pollution is a growing issue and harmful gases, such as ammonia, can diminish the growth performance of pigs (Van der Peet-Schwering, 1999) . Ammonia emissions from pig barns are formed mainly due to the enzymatic conversion of the urea in urine (Muck and Steenhuis, 1981) . The ammonia production process is influenced by factors that include the urinary urea concentration, the pH and temperature of the slurry, air flow, and surface area (Sommer and Husted, 1995) . Studies have sought to achieve reductions in ammonia in the pig industry through dietary manipulation (Panetta et al., 2006; Botermans et al., 2010) . One approach is to give a diet enriched with fermentable fiber to pigs. Dietary fiber can aid in lowering pH in the slurry as a consequence of short chain fatty acid (SCFA) production, thus reducing urease activity. Dietary fiber may reduce the decomposable N content in the urine by N repartitioning effects. Canh et al. (1998) found that the slurry pH of male finisher pigs fed with a sugar beet pulp-based diet (at 300 g/kg) was 0.8 units lower and ammonia emissions were 52% lower than those from pigs fed with barley-wheat-, tapioca-, and barley-tapioca-based diets. Mroz et al. (2000) also confirmed the N repartitioning effect of fiber in manure of pigs fed with diets containing tapioca, soybean hulls, and sugar beet pulp.
Another approach to reducing ammonia emission is the addition of BA in the diet. BA is metabolized in the liver and is converted to hippuric acid by conjugation with the amino acid glycine. Increased excretion of hippuric acid in pig urine results in its direct acidification (den Brok et al., 1999) . Aarnink et al. (2008) reported that the dietary addition of 1% BA reduced ammonia emissions by 16% and decreased the pH in pig manure from 6.50 to 5.29. Because 0.5% BA is used commercially, we used the same level of BA in the diet and NH 3 gas emission from slurry was apparently unaffected by the level of fiber and the addition of BA. It might be assumed that the amounts of DF and BA were not sufficient to reduce NH 3 gas emissions, but levels of RSH and H 2 S were reduced significantly by the treatments.
Blood metabolites or lipid profile
The introduction of agriculture and animal husbandry and developments in agricultural technology have driven a marked increase in the consumption of animal protein and processed carbohydrates by humans. These dietary changes affect the physiological environment in the body. One of the physiological changes influenced by food consumption is blood cholesterol levels (Cordain, 2007) .
Blood cholesterol is an important factor in the diagnosis of health status in humans because it is a major risk factor for cardiovascular diseases (Grundy, 1986) . Many studies have focused on reducing the risk of coronary heart disease (CHD) through dietary interventions (Gaylor et al., 1960; Monique-Verschuren and Kromhout, 1995; Shen et al., 1998) . Kendall et al. (2010) demonstrated that an overall 1% reduction in serum levels of LDL-cholesterol corresponded to ~1-2% reduction in the occurrence of CHD events. Brown et al. (1999) reported that various soluble fibers can reduce total and LDL-cholesterol by similar amounts. Dietary fiber binds to bile acids in the small intestine and makes them less likely to enter the body and decreases intestinal lipid absorption and subsequently reduces the level of blood cholesterol (Brown et al., 1999; Wilfart et al., 2007; Anderson et al., 2009 ). Furthermore, microbes in the large intestine can ferment the undigested fiber. When DF is fermented, SCFAs such as propionic acid, butyric acid, and acetic acid are produced. SCFAs suppress cholesterol synthesis by the liver and reduce blood levels of LDL cholesterol and TG (Wong et al., 2006) . In animal studies, Graham et al. (1986) observed that DF, such as wheat bran and sugar beet pulp, decreased small intestinal lipid absorption. Weber and Kerr (2012) reported that DF increased the capacity of the intestine for oxidative metabolism and induced a repartitioning of body lipid stores via mobilization of non-esterified fatty acids (NEFA). Collings et al. (1979) found that serum cholesterol levels were decreased in male pigs when more than 10% of wheat middlings were included in corn-soybean-based diets for growing pigs. In a study using guinea pigs, plasma cholesterol was found to be lowered in females fed with soluble DF, such as pectin, guar gum, and psyllium (Shen et al., 1998) .
Benzoic acid has structural and metabolic similarities to niacin (Schanker et al., 1958) . Niacin rapidly decreases TG levels by inhibiting the release of fatty acids from adipose tissue, as well as the hepatic synthesis of fatty acids (Kamanna and Kashyap, 2000) . Reduced TG synthesis may enhance hepatic degradation of apo B, the major lipoprotein component of very low-density lipoprotein (VLDL), thereby reducing VLDL production and LDL content in the body (Jin et al., 1999) . The reduction in TG availability also results in the production of smaller, TG-poor VLDL particles, which inhibits the production of small, dense LDL particles. Niacin may elevate HDL cholesterol levels too, primarily by suppressing the hepatic removal of apo A-I, which increases levels of apo A-I as well as large apo A-I-containing HDL particles (Jin et al., 1997) . Niacin is excreted in the form of nicotine uric acid conjugated with glycine and BA is also excreted in the urine by conjugation with glycine (Schachter, 1957) . Because the structure and excretory mechanism are similar between niacin and BA, BA may have an effect of decreasing LDL in the blood.
The present study found no effect of DF and BA on the blood characteristics assessed. The lack of effect of fiber on the blood cholesterol of pigs disagrees with the findings of Shen et al. (1998) . The disagreement may have resulted from the different inclusion rates and sources of fiber. We now consider that 50 g of sugar beet pulp per kg of diet may have been insufficient to reduce serum cholesterol in grower pigs. The findings of this study also suggest the metabolism of benzoic acid may differ from that of niacin.
Conclusions
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